Introduction
Hepatocellular carcinoma (HCC) is the most frequent form of primary liver cancer. It is the fifth most common cancer worldwide and the third cause of cancer mortality [1] . In Europe, Oceania, Japan and America, chronic hepatitis C is one of the main risk factors for HCC [2] . The virus has possible oncogenic properties, but many factors determining the risk of developing an HCC are host dependent, some are genetic and not modifiable, other are linked to lifestyle and can be influenced. Lifestyle factors such as alcohol intake, cigarette smoking, and underlying diseases such as obesity, diabetes and hepatitis B (HBV) and HIV co-infection have been reported to increase the risk for HCC [3] . Socioeconomic factors have also been found to influence this risk [4] . Few databases are comprehensive enough and have a long enough follow-up to address prospectively these factors. The Swiss Hepatitis C Cohort Study (SCCS) established in 2000 with more than 3,000 participants offers a unique setup to investigate these co-factors. The aim of this study was to identify important co-factors influencing the development of HCC in chronic Hepatitis C patients included in the SCCS.
Methods

Setting
The SCCS is a multicentre study started in September 2000 and is being carried out at eight major Swiss hospitals, including 5 university hospitals (Basel, Bern, Geneva, Lausanne and Zürich) and 3 major cantonal hospitals (Lugano, Neuchâtel and St. Gallen). The SCCS collects standardised prospective information on adults with hepatitis C virus (HCV) infection through questionnaires, clin-ical examination and laboratory investigations [5] . All the enrolled patients signed an informed consent and the SCCS protocol has been approved in each participating centre by the local ethical committee. The database includes demographic information such as gender, age, social and educational background, occupational situation, household income as well as co-morbidities, current and previous alcohol consumption and substance abuse. Histological information obtained by liver biopsy and results of laboratory tests are also prospectively collected. Standardised followup questionnaires cover events and behaviours since the last visit. A 'Stop Form' is filled out when the patient is either lost to follow-up or has died. The cause of death is coded according to the ICD10 classification. To analyse the database, patients were divided into 2 groups: the first group includes all the patients with confirmed HCC and the second group contains all the patients with no evidence for HCC.
Inclusion criteria
The HCC group included all the patients who either had a confirmed HCC at the time of recruitment or at any point during the follow up period. All patients who had C22.0, the ICD10 code for HCC, entered as cause of death were also considered. The inclusion criteria were exclusively based on the information of the SCCS database. For the non-HCC group, all patients who had no evidence for HCC were included. A downside of this approach is that for the 30 patients diagnosed with HCC before recruitment some of the analysed factors cannot be considered as risk factors leading to HCC. However, this approach can be justified by the fact that most of the reviewed patient characteristics, especially the ones that this study focused on do not change with the cancer diagnosis.
Analysed factors
Demographic parameters at registration into the cohort such as age, gender, education, occupational situation, income were analysed. The following risk factors were analysed: alcohol consumption, intravenous drug abuse, intranasal cocaine abuse, drug substitution, blood transfusion, organ transplantation, invasive medical procedure, profession with exposure to human blood, living in a household with a HCV positive person, tattoos and piercings. Clinical information included body mass index (BMI), diabetes mellitus, gastrointestinal haemorrhage, jaundice, ascites, porto-systemic encephalopathy. Laboratory results comprised anti-HBc serology, HCV genotype, hepatitis A (HAV) vaccination. Histological results such as degree of fibrosis, grade of activity and steatosis were available for patients who had a biopsy. For cirrhotic patients, the Child-Pugh score was used.
Definition of age
The patient's age has been defined as follows: For HCC patients the age for the study was set to the age at the time of the cancer diagnosis. For the non-HCC group age was calculated for the time of recruitment.
Statistical methods
In a first step, univariate analyses were performed on all the evaluated co-factors. A Pearson-χ2 test was used to assess the statistical significance of differences in the distributions of categorical variables between subjects in the HCC and the non-HCC group. A p-value of <0.05 has been considered statistically significant. Odds ratios (OR) with corresponding 95% confidence intervals (95% CI) were calculated with logistic regression analyses. To ensure better independence of the different factors, all the analyses were adjusted for gender and age. These two variables were chosen for adjustment based on their well-known influence on HCC development. In a second step, binary multivariate logistic regressions have been performed for each table. Due to the quantity of analysed factors and number of missing values in some variables it was not possible to run a multivariate analysis including all discussed co-factors. For each factor in the same table the overall statistical significance of the factor was calculated along with the specific p-value and odds ratio for each level of each factor against the first reference level of that factor. As a third analysis step, a hierarchical tree of risk factors was calculated based on the top six most influential factors (based on significance level and odds ratios), found in the logistic regression. This analysis was conducted in order to examine how these factors influence one another, and whether they show any particularly interesting interactions which could be used for diagnostic purposes.
Results
Information was available for 3,390 patients; the non-HCC group included 3,260 patients and the HCC group 130 patients. The age profile was different between the 2 groups. This is illustrated in the ( fig. 1 ). The age categories 50-59, 60-69, 70-79 and 80-89 years were more represented in the HCC group than in the non-HCC group. Reciprocally, patients 20 to 49 year-old were less frequent in the HCC group. The ( fig. 2 ) is a box and whiskers plot comparing the age in both groups. Mean age for the HCC group was 54 with a standard deviation of 12 years and a 95% CI of 52-56. Mean age for non-HCC group was 44 with a standard deviation of 11 and a 95% CI of 43-44. Median age for the HCC group was 55 years and for the non-HCC group 42 years. The co-factors that were significant in the univariate analysis are listed in the table 1. Results of the multivariate analysis were included where they were significant. Male gender is an important risk factor. With an odds ratio of 1.70 (95% CI 1.14-2.53) males had a higher risk for HCC compared to females. The multivariate analysis showed a p-value of 0.032 and OR of 1.639, identifying male gender as an independent risk factor. Fifty percent of the HCC patients used to drink more than 20g of alcohol per day, whereas 45% of the non-HCC patients were drinking regularly. This resulted in a gender and age adjusted OR of 1.55 (95% CI 1.06-2.27) with alcohol as a co-factor. Liver cirrhosis was strongly associated with HCC. It was differently distributed among the 2 groups: 66% of the HCC patients had cirrhosis, whereas only 21% of the non-HCC patients, this calculated an OR of 4.82 (95% CI 3.28-7.09). Patients with an annual income of >80 000 Swiss francs had a smaller risk of developing HCC than patients with an income of <40 000; however, this association did not reach statistical significance (p = 0.056, OR 0.57, 95%CI 0.32-1.02). Patients with higher education had a smaller risk for HCC than patients with no education, this association was significant (p=0.027 OR = 0.54, 95%CI 0.31-0.93). A comparison of the patient's profession showed no significant differences. All three factors were non-significant in the multivariate analysis. The distribution of patients with HCC among the different HCV genotypes is shown in the ( fig. 3 . Genotype 1 was the most common and it was slightly more frequent in HCC patients than in the non-HCC group. The risk analysis for the HCV genotypes is provided in table 4. It revealed a smaller HCC risk for patients with genotype 2. Finally, in order to better understand the place of the different factors, a hierarchical tree was generated based on the six most important risk factors (gender, age, diabetes, fibrosis, antiHBc, income). On each level, the box furthest to the right is the factor with the highest risk for HCC. The tree identified age as the main risk factor. The age groups <42, 42-60, >60 were automatically selected as the best ones to distinguish between HCC and non-HCC patients. The younger patient group was further subcategorised depending on the antiHBc test result. Borderline antiHBc appeared to be a relevant risk factor. In the middle aged group (42-60) it was observed, that diabetes mellitus is an important risk factor for patients with low histological fibrosis level. In patients over 60, cirrhosis was the most important risk factor for HCC.
Discussion
There are a number of co-factors influencing the development of HCC in patients with chronic hepatitis C. In the
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We found a different age distribution with non-HCC patients being much younger than HCC patients. There was an increased risk after the age of 42 and a further increase in risk after 60. This is consistent with data on 2166 chronic hepatitis C patients which reported a 15-fold higher risk for HCC in patients over 65 years of age compared to patients in their 20's [6] . The age peak in our study was between 60 and 69 years. A US study showed an age peak in patients aged 70-74 years for the years 2000 to 2002 [3] . [3] . Several reasons may explain this male predominance. First, men likely expose themselves to more risk factors. They generally drink more alcohol. Second, there are biological factors [7] . A study with telomerase-deficient mice showed that male mice had a 2 to 8-fold higher risk for HCC than female mice [8] . This implies that male gender hormones may favour liver cancer development. Mice lacking androgen receptor present delayed development of HCC [9] . The unfavourable effect of androgens can be further underlined by a study from Taiwan that associated elevated serum testosterone levels with the development of HCC [10]. In our cohort, alcohol consumption was more frequent in patients with HCC (50%) than in patients without HCC (45%). Age and gender adjusted OR of 1.55 (95%CI 1.06-2.27) with a p-value of under 0.05 suggested that alcohol is a risk factor for HCC in HCV patients. This is in line with the published evidence. A European study repor- [12] . Hepatic fibrosis is a key risk factor for HCC. We found the risk for HCC to increase up to an OR of 5.15 with increasing stadium of fibrosis. This is corroborated by the finding that cirrhosis was associated with an OR of 4.82. Results from other studies have already proven cirrhosis to be the main risk factor for HCC in hepatitis C patients [2] . Among the hepatitis C patients with cirrhosis the annual incidence of HCC is 1.4% in the USA, 2-4% in Italy and 4-8% in Japan [2] . Cirrhosis does not only influence the incidence of primary liver cancer but seems to also influ- 
Swiss Med Wkly. 2012;142:w13651 ence its severity. A study with North American patients reported that patients with liver cirrhosis develop more aggressive and less differentiated HCC than patients without cirrhosis [13] . In contrast, neither histological activity of chronic hepatitis C, nor steatosis were associated with the development of HCC in the SCCS. Our results showed that patients with Child-Pugh class B had higher risk for HCC than those with Child-Pugh class A. This is not surprising and fits with data about the histological degree of fibrosis and the increased risk for HCC in patients with ascites and in patients with porto-systemic encephalopathy. However, it is less obvious why patients with Child Pugh class C do not have a higher HCC risk than patients with Child Pugh class B. One explanation might be that patients with Child Pugh class C have a short survival and when they reach this stage without HCC they die from liver failure and/or complications of portal hypertension.
A recent meta-analysis of 59 studies came to the conclusion that HBV/HCV co-infection does not increase the risk of HCC compared to HBV or HCV mono-infection [14] . Our analysis showed a significant difference between borderline anti-HBc test results to negative as well as positive test results. Both the univariate and multivariate analysis suggested that a borderline anti-HBc test result is an independent risk factor and based on the result of the hierarchical tree the importance is limited to patients under 42 years of age. These patients with borderline anti-HBc serology may be in a particularly oncogenic stage of occult hepatitis B infection.
In our results, 21% of the HCC patients and only 6% of the non-HCC patients were diabetics (OR 2.08, 95% CI: 1.30-3-34, p = 0.002). We identified diabetes mellitus as a strong risk factor for HCC in hepatitis C patients. This is a well-known association in North America [15] [16] [17] as well as in Europe [18] [19] [20] . Our results also suggested that diabetes the determining factor in middle aged patients (42-60) with low fibrosis stage. This concurs with recent findings of HCC in diabetic patients without significant fibrosis. [21] One unique aspect of this work was to investigate the socioeconomic characteristics of Swiss hepatitis C patients who develop HCC. Our study took into account 3 socioeconomic factors: professional occupation, education level and annual income. We found no significant difference between employed and unemployed patients. Compared to patients with no education, patients with higher education had a lower risk (OR 0.5) for HCC. The largest differences of HCC risk was seen when comparing the patients' annual income. The HCC risk increased as the income decreased. This is in line with the results of a study performed in Korea that compared patients with low income (<4000 USD/month) to patients with high income (>4000 USD/ month). They found an odds ratio of 17 (95% CI 4.27-68.25), linking low income to higher HCC incidents [4] . We found no difference between the three factors in the multivariate analysis, which is mainly because the three groups are very similar. Patients with higher education generally have better jobs and earn more than patients with no education. Our conclusion is that patients with low socioeconomic status have a higher risk for HCC. A possible explanation may be that patients with little education and low income present additional co-factors [22] . Another possibility is that these patients do not seek medical attention and thereby are less likely to be treated. So far, in Switzerland, the socioeconomic status has no influence on treatment decisions [23] . Based on these results, however, patients with low income and education should be more closely monitored. Genotype 1 is the most frequent genotype in the SCCS and patients with HCC slightly more frequently harbour this genotype. A meta-analysis came to the conclusion that patients with genotype 1b have an almost 2-fold (OR1.78, 95%CI 1.36-2.32) risk of developing HCC than those with other genotypes [24] . Our risk analysis showed that patients with genotype 2 had significantly less HCC risk than patients with genotype 1. This work has limitations. It is descriptive by nature and does not provide mechanistic insights. It relies exclusively on the data of the SCCS database. The charts of the patients have not been reviewed and some important factors such as smoking are missing. Moreover, the effect of the antiviral therapy on the risk of developing HCC could not be evaluated. Nevertheless, this project has strengths. It is based on a very large database and provides unique information on Swiss patients infected with HCV who developed HCC. This information should help improving the management of these patients.
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Figure 1
Age distribution in non-HCC and HCC group
Figure 2
Box and whiskers plot of age for non-HCC and HCC group
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Figure 3
Frequency hepatitis C virus genotypes, compared between HCC and non-HCC group. Original article Swiss Med Wkly. 2012;142:w13651
